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MISSION G ELECTRICAL POWER SUBSYSTEM AND 

ENVIRONMENTAL CONTROL SUBSYSTEM CONSUMABLES ANALYSIS 

AS DEFINED FOR CONFIGURATION CONTROL 

By Martin L. Alexander, Richard C.  Wadle, Harry E. Kolkhorst, 
Richard M. Swalin, and Roy E. Stokes 

. 

I -  

SUMMARY 

The analyses presented i n  t h i s  report  ind ica te  t h a t  adequate margins 
e x i s t  i n  t he  e l e c t r i c a l  power subsystem (EPS) and environmental cont ro l  
subsystem (ECS) consumables f o r  Mission G f o r  both t h e  command and ser-  
v i c e  modules (CSM) and the  lunar module (LM). 
(02) f o r  t h e  CSM, 2 1  percent remains at mission completion; of t h e  avai l -  

ab le  hydrogen (H2) ¶ 24 percent remains. Both the  potable and waste water 

tanks were full a t  command module (CM) and serv ice  module (SM) separat ion.  

O f  t h e  ava i lab le  oxygen 

The LM descent s tage  e l e c t r i c a l  energy remaining a t  lunar  l i f t - o f f  f o r  
For t h e  nominal powered-down configuration i s  30 percent of t he  ava i lab le .  

t h e  same power configurat ion 41  percent of t he  descent s tage water remains 
at lunar  l i f t - o f f .  
ava i lab le .  The ascent s tage  margin a t  t h e  completion of crew t r a n s f e r  i s  
47 percent of t h e  ava i lab le ,  t h e  oxygen margin i s  63 percent of t h e  ava i l -  
ab l e ,  and t h e  water margin i s  62 percent of t h e  ava i lab le .  I n  a l l  cases ,  
t h e  tanks were assumed t o  have been loaded t o  full capaci ty .  

The descent stage oxygen margin i s  27 percent of t h e  

INTRODUCTION 

Detai led EPS and ECS consumables analyses were performed f o r  Mission G 
(CSM-107/LM-6). 
t o  wi th in  2-0 percent.  
were based on preliminary knowledge of crew procedures. 
used f o r  t h i s  study are not intended t o  def ine mission r u l e s  or  crew pro- 
cedures¶ but a r e  used i n  an attempt t o  e s t ab l i sh  consumables requirements. 

The da ta  used i n  the analyses were assumed t o  be accurate  
The consumables estimates provided by t h i s  study 

The procedures 

The mission theline -used fer +L-rn uLLGDb ona1vQcra y..'v-JI-- is gtven fn table I. 

The analyses were performed by t h e  Consumables Analysis Sect ion (CAS) 
of Mission Planning and Analysis Division (WAD) with support from TRW 
Systems Group on t h e  ECS ana lys i s .  Information was  a l s o  obtained from 
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I .  
, 

North American Rockwell, Grumman Aircraft  and Engineering Corporation, 
F l igh t  Crew Support Division , Fl igh t  Control Division, Apollo Spacecraft 
Program Office,  and Instrumentation and Elec t ronics  Systems Division i n  
a r r iv ing  a t  t h e  f i n a l  r e s u l t s .  

AGS 

ATCA 

CDH 

c02 

CSI 

EVA 

FDA1 

G&N 

GASTA 

g . e . t .  

GSE 

H2° 

IMU 

IVT 

LGC 

LIOH 

PLSS 

PNGS 

SYMBOLS 

abort  guidance subsystem 

a t t i t u d e  and t r a n s l a t i o n  control assembly 

constant d i f f e r e n t i a l  height 

carbon dioxide 

concentric sequence i n i t i a t i o n  

extravehicular a c t i v i t y  

f l i g h t  d i r e c t o r  a t t i t u d e  indicator 

guidance and navigation system 

gimbal angle sequencing transformation assembly 

ground elapsed time 

ground support equipment 

water 

i n e r t i a l  measurement u n i t  

in t ravehicu lar  t r a n s f e r  

LM guidance computer 

l i t h ium hydroxide 

por tab le  l i f e  support system 

primary navigaii ion a i d  g.;idan~ e  SI^ S Y S ~  SI 
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CSM ELECTRICAL POWER SUBSYSTEM ANALYSIS AND RESULTS 

The EPS assumptions and da ta  used f o r  t h i s  ana lys i s  a r e  as follows: 

1. Three f u e l  c e l l s  and two inver te rs  were i n  operation during a l l  
mission a c t i v i t i e s  except boost , AV t h rus t ing ,  and en t ry  a c t i v i t i e s .  

2 .  Three f u e l  c e l l s ,  two inve r t e r s ,  and two b a t t e r i e s  were i n  opera- 
t i o n  during boost, AV t h rus t ing ,  and en t ry  a c t i v i t i e s .  

3. The mission t imel ine  w a s  the same as t h a t  defined i n  references 1, 
2, and 3. 

4. The EPS component power requirements were t h e  same as those i n  
references 4 and 5. 

5. Each f u e l  c e l l  was  purged once every 24 hours. 

6 .  EPS hydrogen consumption r a t e  ( l b / h r )  = 0.00257 x f u e l  c e l l  cur ren t .  

7. EPS oxygen consumption r a t e  ( l b / h r )  = 7.936 x hydrogen consumption 
r a t e .  

8. No H or 0 venting was assumed. 2 2 

For t h i s  ana lys i s ,  CSM 0 and H2 tanks were assumed loaded t o  capacity.  

The quan t i t i e s  ava i l ab le  f o r  performance of t h e  lunar  landing mission a r e  
shown i n  t a b l e  11. The switch t o  in t e rna l  r eac t an t s  i s  made a t  T - 30 hours 
f o r  oxygen and T - 25 hours f o r  hydrogen as shown i n  t a b l e  111. The elec- 
t r i c a l  requirements vary from 18 t o  1 0 0  amp during t h e  34-hour prelaunch 
period which includes a 4-hour launch window. Due t o  prelaunch O2 and H2 

requirements, t h e  oxygen ava i lab le  a t  l i f t - o f f  i s  593.4 l b  and t h e  hydro- 
gen ava i l ab le  i s  51.2 l b .  The t o t a l  H remaining at CM-SM separation i s  

13.4 l b ,  which r e s u l t s  from a t o t a l  H2 requirement (prelaunch and f l i g h t )  

of 42.0 l b .  The 0 required f o r  e l e c t r i c a l  power i s  299.9 l b .  The H2 and 

0, p r o f i l e s  a r e  shown i n  f i g u r e  1. 

ECS requirements. 

2 

2 

2 
The O2 p r o f i l e  includes both EPS and - 

The cons t ra in t  on t r ansea r th  coast  time as a function of 0 remaining 2 
i s  shown i n  f igu re  2 for a nominal mission w i t h  and without a 1 0  percent 
planning margin. 
t r a n s e a r t h  in j ec t ion  i s  a l s o  shown. 
powered-down configuration of 40 amp w a s  assumed f o r  t h e  t r a n s e a r t h  r e tu rn .  

The t i m e  constraint  following a n  oxygen tank f a i l u r e  a t  
For t h e  oxygen tank f a i l u r e  at TEI a 
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For both nominal and contingency cases, t h e  average load  i n  luna r  o r b i t  
w a s  74.1 amp. 
p lo t t ed  as a function of t r a n s e a r t h  re turn  time. 
and tank-fa i lure  cases d i f f e r  because of t h e  d i f f e r e n t  power configurations 
assumed during t r a n s e a r t h  f l i g h t .  

Using t h e  above assumptions t h e  time i n  lunar  o r b i t  w a s  
The slopes f o r  t h e  nominal 

CSM ENVIRONMENTAL CONTROL SUBSYSTEM ANALYSIS AND RESULTS 

The ECS assumptions and da ta  used f o r  t h i s  ana lys i s  a r e  as follows: 

1. 

2. 

3. 

Urine H 0 l o s s  w a s  0.11 lb /h r  per man. 

Food H20 w a s  0.125 l b / h r .  

Average metabolic rate was  467 Btu/hr per man. 

2 

4. Desired cabin temperature of 75OF w a s  assumed. 

5 .  Radiator abso rp t iv i t i e s  of 0 .2  and 0.356 were assumed. 

6 .  I n i t i a l  H 0 q u a n t i t i e s  at  l i f t -o f f  were 25-lb potable and 10-lb 2 
waste. 

7. Evaporator e f fec t iveness  was 95 percent. (The e f fec t iveness  i s  
t h e  a b i l i t y  of t h e  evaporator t o  evaporate t h e  water dumped i n t o  t h e  system 
without l o s ing  any water through droplets c a r r i e d  o f f  by t h e  steam.) 

8. 

9 .  

10. Metabolic 0 usage ra te  was 0.077 l b / h r  per man. 

11. 

Cabin O2 leakage rate w a s  0.2 lb /h r .  

Waste management 0 leakage r a t e  w a s  0.017 l b / h r  per man. 2 

2 

The 0 purge r a t e  of t h e  water tank  w a s  0.056 l b / h r  which i s  t h e  2 
maximum flow based on t h e  o r i f i c e  s ize .  

12. 

atmosphere through t h e  waste management system. The t o t a l  time required 
w a s  8 hours. 

3 h r n  l i f t -~ff  a_ t o t a l  of 7 l b  0, w a s  used t o  purge t h e  cabin 
z 

13. The tunnel was pressurized at t r anspos i t i on  and docking. Three 
f u l l  p re s su r i za t ions  of t h e  LM were assumed. 
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The ECS oxygen required f o r  t h e  mission w a s  158.9 l b .  This value i s  
based on crew metabolic requirements, CSM and LM p res su r i za t ions ,  water 
tank purge, waste management, and cabin leakage. 

The potable and waste water tanks a r e  f u l l  from 51 hours a f t e r  launch 
A degraded r a d i a t o r  with abso rp t iv i ty  a = 0.356 u n t i l  t h e  end of mission. 

has no s ign i f i can t  impact on t h e  mission s ince  water production remains 
g rea t e r  than  water boi led  throughout t he  mission. 
as a func t ion  of t i m e  i s  displayed i n  figure 3. The t o t a l  water boi led  
f o r  an undegraded r a d i a t o r  i s  40 l b  as shown i n  f i g u r e  4. 
t h e  water boi led  i s  approximately 57 lb. 
r a t e  occurs during t h e  lunar  o r b i t ;  however, t h e  b o i l  ra te  is  less than  
1 l b  per  hour f o r  t h e  degraded rad ia tor .  
w a s  not considered f o r  t h i s  ana lys i s .  

The water tank  status 

For a = 0.356, 
From f i g u r e  4 t h e  highest  usage 

Secondary coolant loop operation 

LM ELECTRICAL POWER SUBSYSTEM ANALYSIS AND RESULTS 

The descent s tage  e l e c t r i c a l  load ana lys i s  f o r  Mission G w a s  performed 
u t i l i z i n g  t h e  f l i g h t  plans i n  references 2 and 3. 
t h e  power l e v e l s  of t h e  various equipment presented i n  t h e  ana lys i s .  
LM EPS and ECS consumables loadings a re  displayed i n  t a b l e  I V .  The LM 
prelaunch procedures a r e  shown i n  t ab le  V. 

Reference 6 contains 
The 

Three d i s t i n c t  descent s tage  e l e c t r i c a l  equipment configurations were 
considered i n  t h i s  study. This report does not a t t e m p t . t o  weigh t h e  
mer i t s  or disadvantages of each but instead i s  confined t o  an objec t ive  
appra i sa l  of t h e  e l e c t r i c a l  energy required t o  support each configuration. 

For case 1, which i s  t h e  nominal case ,  t h e  LM i s  powered down (as 
suggested i n  r e f .  6 )  during t h e  long periods of i n a c t i v i t y  on t h e  lunar  
sur face .  The power p r o f i l e  depicted i n  f igu re  5 r e s u l t s  from t h e  equipment 
u t i l i z a t i o n  associated with case 1. 

Case 2 d i f f e r s  from t h e  nominal case i n  t h a t  t h e  LM i s  p a r t i a l l y  
powered up; t h e  IMU, LGC, and AG-S have been changed from the  standby t o  
t h e  opera t iona l  mode. 
warmup cons t r a in t  imposed on t h e  G&N equipment. 
t i o n a l  376-watt d ra in  on t h e  descent s tage  b a t t e r i e s  i s  pres~;lt,bd i:! 
f i g u r e  5. 

This pa r t i cu la r  mode eliminates t h e  25- t o  30-minute 
The e f f e c t  of t h e  addi-_ 

A f u l l y  powered-up LM i s  used i n  case 3, f o r  which t h e  equipment i n  
case 2 and t h e  ATCA, GASTA, and FDA1 a r e  considered t o  be on f o r  t h e  e n t i r e  
l una r  s t ay .  The r e s u l t i n g  e l e c t r i c a l  energy p r o f i l e  i s  a l so  presented i n  
f i g u r e  5. 
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I 

c 

The ascent s tage  e l e c t r i c a l  load  ana lys i s  was performed on a nominal 
3.5-hour i n t e r v a l  between l i f t - o f f  and spacecraf t  dock5r.g as defined i n  
reference 2 .  Only one e l e c t r i c a l  power configurat ion w a s  considered f o r  
t h e  LM ascent phase of t h e  mission. 
ments are shown i n  figure 6. The LM ascent consumables a r e  adequate f o r  
t h e  nominal 3.5-hour rendezvous; however, contingency rendezvous schemes 
as cu r ren t ly  planned are l imi t ed  by the t o t a l  e l e c t r i c a l  power and oxygen 
on t h e  ascent s tage.  

The ascent s tage  e l e c t r i c a l  require- 

S igni f icant  assumptions used i n  the formulation of t h i s  ana lys i s  are 
as follows: 

1. Ascent s tage  b a t t e r i e s  were connected i n  p a r a l l e l  with t h e  descent 
s tage  bat ter ies  during powered descent t o  the  lunar  sur face  and i n i t i a l  
postlanding evaluat ion.  This assumption i s  documented i n  references 2 
and 6. 

2. A s  presented i n  reference 2, t h e  current  f l i g h t  plan demands two 
lunar  sur face  EVA'S and a 25.5-hour lunar surface s t a y  time. 

3. I n  t h e  nominal power configuration (case l), t h e  PNGS w a s  l e f t  
i n  standby, and t h e  AGS was turned off f o r  long per iods on t h e  lunar  surface. 
This w a s  done t o  conserve e l e c t r i c a l  power and increase  r e l i a b i l i t y  of t h e  
e qui pme nt  . 

4. The LM w a s  l e f t  completely powered up f o r  t h e  f irst  2 hours sub- 
sequent t o  landing i n  order t o  simulate a l i f t - o f f  on t h e  f irst  CSM pass 
over t h e  landing s i t e .  This assumption i s  a l s o  documented i n  reference 2. 

5 .  The S-band power amplif ier  and t e l e v i s i o n  camera were assumed on 
a t  a l l  t i m e s  during both EVA'S. 

6 .  There was one i n f l i g h t  IMIJ alignment from luna r  l i f t - o f f  through 
docking. A s  found i n  re ference  2 ,  t h i s  alignment w a s  assumed t o  occur 
between t h e  CSI and CDH maneuvers. 

a 

a 

Tota l  b a t t e r y  requirements for all three descent s tage  equipment u t i l i -  
za t ions  p lus  t h e  ascent  s tage  e l e c t r i c a l  energy demand are given i n  
t a b l e  V I .  It can be seen t h a t  i f  the LM i s  f u l l y  powered up during t h e  
luna r  s t a y  (case  3 ) ,  it may be necessary t o  use ascent s tage  b a t t e r i e s  
i f  t h e  nominal lunar  launch opportunity i s  missed. 
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LM ENVIRONMENTAL CONTROL SUBSYSTEM ANALYSIS AND RESULTS 

I 

c 

The water balance analysis  was based on t h e  following considerations 
as  specif ied i n  reference 6: 

1. 

2. 

The s t r u c t u r a l  heat load required 1 l b / h r  of H20. 

H20 consumed due t o  LIOH-C02 reac t ion  heat w a s  2.4 x lb/Btu 

(metabolic ra te ) .  

3. H20 produced by LIOH-C02 react ion was 7.72 x lb/Btu (metabolic 

r a t e ) .  

4. 
bol ic  r a t e ) .  

H 0 consumed due t o  crew metabolic heat was 1/1040 lb/Btu (meta- 2 

5 .  

6. 

H20 consumed due t o  u r ine  dump w a s  0.11 l b / h r  per man. 

H 0 required per PLSS r e f i l l  w a s  9.15 l b .  2 

The ascent s tage water required t o  successful ly  complete t h e  powered 
ascent and rendezvous phase of Mission G i s  30.0 l b .  
H 0 demands f o r  e l e c t r i c a l  equipment configurations 1, 2 ,  and 3 are 181.8, 
202.3, and 210.3 lb, respect ively.  

2 
usage, and f igure 8 reveals  descent s tage water consumption fo r  cases 1, 
2 ,  and 3, respect ively.  

The descent stage 
2 

Figure 7 depicts  t he  ascent stage H 0 

The 0 consumption w a s  calculated based on t h e  following assumptions: 

1. There was a cabin leak  of 0.2 lb /h r .  

2 

2. Metabolic O2 consumed w a s  1.643 x lb/Btu (metabolic r a t e ) .  

3. There was a high pressure leak of 0.005 lb /h r  i n  both the  ascent 
and descent s tage 0 suppl ies .  2 

4. O2 consumption due t o  a PLSS r e f i l l  w a s  0.92 ib; each TLSS was 

r e f i l l e d  once. 

5. Each of t h e  three LM repressurizat ions on t h e  lunar  surface re- 
quired 6.62 l b  of 02. 
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The descent s tage  O2 usage i s  

t h e  supply having been depleted t o  
o f f .  Figure 7 presents t h e  ascent 

presented i n  f i g u r e  9 and results i n  

t h e  18.3-lb l e v e l  at lunar  sur face  l i f t -  
stage 0 p r o f i l e .  The 0 remaining i n  2 2 

t h e  ascent s tage  at t h e  nominal time of crew transfer i s  2.7 lb. 

The LM water and oxygen requirements, plus t h e  loaded and r e s idua l  
q u a n t i t i e s ,  a r e  summarized i n  t a b l e  V I I .  Descent s tage  water usage is  
presented f o r  a l l  t h r e e  e l e c t r i c a l  equipment configurations o r  cases.  

c ONCLUSI ONS 

For t h e  nominal lunar mission considered i n  t h i s  r epor t  s a t i s f a c t o r y  
EPS and ECS conswnables margins are found t o  e x i s t  f o r  both t h e  CSM and LM. 

L 
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TABLE I.- MISSION TIMELINE 

I -  

-~ ~~ 

Mission time 

T - 30 hours t o  launch 

Launch t o  4.5 hours 

4.5 t o  79.5 hours 

79.5 t o  138 hours 

138 t o  244.75 hours 

245 hours 

Mission phase 

Pre launc ha 

Earth ascent and parking o r b i t  

Translunar coast  

Lunar o r b i t  

Transearth coast  

Splashdown 

b 

TABLE 11.- CSM CONSUMABLES 

Consumable 

02’ 

H2’ 1-b 

Potable H20, l b  

Waste H20, l b  

Battery amp-hr 

Loaded 

640.0 

56.0 

0.0 

10 .o 

120.0 

,. 
Avai 1 ab l e G  

627.0 

55.4 

25.0d 

10.0 

120.0 

a 

bIncludes s l eep  per iod after rendezvous and docking. 

Includes maximum launch window of 4.0 hours. 

C Available a t  time of loading. 

‘Available a t  l i f t - o f f  from prelaunch production. 
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Bat te ry ,  amp-hr 

TABLE 111.- CSM PRELAUNCH PROCEDURES 

1600.0 1600.0 

. 
I Mission time 

30 hours 

25 hours 

4 hours 

Event 

Complete loading potable and 
waste H20 

Complete loading O2 and switch 

t o  i n t e r n a l  O2 f o r  f u e l  c e l l  

requirements 

Complete loading H2 and switch 

t o  i n t e r n a l  H2 for fue l  c e l l  

requirements 

L i f t - o f f  a f t e r  maximum launch 
window 

TABLE 1V.- LM CONSUMABLES 

Consumable 

( a )  Descent s tage  

H20, l b  320.0 310.2 

1 I 
I O 2 ,  l b  I 4.8 1 .  4.3 I 
H20, l b  82.0 79.5 

Bat te ry ,  amp-hr 592.0 592 0 



TABLE V.- LM PRELAUNCH PROCEDURES 

. 
I 

. 

Mission t i m e  

T - 18  days 

T - 63 hours 

T - 22 hours 

T - 30 min 

I__ 

Event 

Ascent and descent H 0 loading completed. 2 

Complete ascent and descent O2 loading. 

Complete supe rc r i t i ca l  helium loading. 

Switch from GSE t o  IN b a t t e r y  power 

TABLE V I . -  LM DESCENT AND ASCENT STAGE EPS REQUIREMENTS 

(a) Descent s tage  

E l e c t r i c a l  energy, 
KW-hr 

Bat tery capaci ty .  . . . . . . . . . . . . . . . . . . .  
Required : 

Case 1 . . . . . . . . . . . . . . . . . . . . . .  
C a s e 2 . . . . . . . . . . . . . . . . . . . . . .  
Case 3 .  . . . . . . . . . . . . . . . . . . . . .  

Margin at lunar  l i f t - o f f :  

C a s e l . . . . . . . . . . . . . . . . . . . . . .  
C a s e 2 . . . . . . . . . . . . . . . . . . . . . .  
C a s e 3 .  . . . . . . . . . . . . . . . . . . . . .  

( b )  Ascent stage 

Bat tery capacity.  . . . . . . . . . . . . . . . . . . .  
Re qui re  d . . . . . . . . . . . . . . . . . . . . . . . .  
Margin at end of  crew t r a n s f e r .  . . . . . . . . . . . . .  

46.9 

32.8 
40.4 
43.3 

14.1 
6.5 
3.6 

17.8 
9.4 
8.4 



1 2  

TABLE V I 1 . -  LM WATER AMD OXYGEN REQUIREMENTS 

(a )  Descent s tage  

Loaded . . . . . . . . . . . . . . . . . . . . .  48.0 
Unusable . . . . . . . . . . . . . . . . . . . .  3.9 
Available fo r  mission . . . . . . . . . . . . . .  44.1 

Case 1 . . . . . . . . . . . . . . . . . . .  25.8 
Case 2 . . . . . . . . . . . . . . . . . . .  25.8 
Case 3 . . . . . . . . . . . . . . . . . . .  25.8 

Case 1 . . . . . . . . . . . . . . . . . . .  11.7 
Case 2 . . . . . . . . . . . . . . . . . . .  11.7 
Case 3 . . . . . . . . . . . . . . . . . . .  11.7 

Required : 

Available a t  lunar l i f t - o f f :  

( b )  Ascent s tage  

Loaded (full t anks)  . . . . . . . . . . . . . . .  4.8 
Unusable . . . . . . . . . . . . . . . . . . . .  0.5 
Avai lable  fo r  mission . . . . . . . . . . . . . .  4.3 
Required for  mission . . . . . . . . . . . . . .  1.6  
Available at compietioii of crew trm,?s fer . . . .  2.7 

H20. l b  

320.0 

9.8 
310.2 

181.8 
202.3 
210.3 

128.3 
107.9 

99.9 

82.0 
2.5 

79.5 
30.0 

49.5 
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